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Overview/Motivation

Background

• Within the overall very active April 2011, in terms of severe weather, the April 14-16
tornado outbreak in the Carolinas was one of the largest tornado outbreaks on record.
• Thirty confirmed tornadoes occurred in North Carolina on April 16, 2011, the greatest
one-day total for North Carolina on record, with the Raleigh EF-3 tornado being the
deadliest at six fatalities.
• By using the Weather Research and Forecasting (WRF) model, a decade-old
community forecasting modeling system at 333.33m-1km resolution, the model can
provide key forecasts for severe weather outbreaks. The model was run on the NSSTC
supercomputer using 40+ processors.

Key Findings/Results

Fig 4. Spatial resolution for WPS Domain Configuration is 9000m, 3000m, 1000m, and 333.33m. The parent_grid_ratio
= 1, 3, 3, 3.

•

WRF can produce simulations based on actual atmospheric conditions (i.e.,
from observations and analyses) or idealized conditions (NCAR, 2019).

•

1700 UTC radar reflectivity: In the WRF simulation, more stratiform and
stronger QLCS (Quasi-Linear Convective System) was simulated than
seen in radar. No noticeable hook echoes and strong dBZ. Echo tops ~ 50kft.

•

2015 UTC radar reflectivity: Sanford-Raleigh EF-3 (“B” in figure 2) and
Roxboro EF-2 (“A” in figure 2) both show in WRF simulation. The tornado
placement in WRF for Sanford-Raleigh compared to radar: Northwest of WRF
simulation. Sanford-Raleigh tornado was on the ground during 2015 UTC, but
close to dissipating. WRF simulation showed Roxboro supercell west of
tornado track. Roxboro tornado was not on the ground at 2015 UTC
(ended at 1850 UTC). WRF continued to show increased stratiform compared
to radar, and the QLCS was more prominent than radar, which showed semiindividual supercells splitting from QLCS. Echo tops ~ 50kft.

•

2100 UTC radar reflectivity: Roanoke Rapids EF-2 (“C” in figure 3) and
Cumberland-Sampson EF-2 (“D” in figure 3) were shown on WRF
simulation. Roanoke Rapids supercell did not occur until 2120 UTC, which
shows a premature tornadic signature on WRF simulation. CumberlandSampson WRF simulation tornado had an almost identical match to the
actual track. Wilson EF-2 was not indicated by WRF. Echo tops ~ 45kft.

Fig. 1. WRF Reflectivity and Real Radar Reflectivity from April 16, 2011 during 17:00 UTC. Real reflectivity is sourced from the National Oceanic and Atmospheric
Administration (NOAA) Interactive Tool Map of historic reflectivity mosaics.

Impact/Conclusions

Fig. 2. WRF Reflectivity and Real Radar Reflectivity from April 16, 2011 during 20:15 UTC. Real reflectivity is sourced from the National Oceanic and Atmospheric
Administration (NOAA) Interactive Tool Map of historic reflectivity mosaics. The white Xs indicate the location of the tornadoes in real time on the WRF simulation
model.

Fig. 5. A conceptual illustration of a convective-scale Warn-on-Forecast system (Stensrud, Wicker, et al., 2009).

•

•
•
Fig. 3. WRF Reflectivity and Real Radar Reflectivity from April 16, 2011 during 21:00 UTC. Real reflectivity is sourced from the National Oceanic and Atmospheric
Administration (NOAA) Interactive Tool Map of historic reflectivity mosaics. The white Xs indicate the location of the tornadoes in real time on the WRF simulation
model.
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•

Warn-on-Forecast, a new paradigm in forecasting, is used to
combine high-resolution satellite, surface, and radar data in a
high-resolution computer model that can predict specific weather
hazards 30 minutes-2 hours in advance.
Warn-on-Forecast is the foundation of the new Forecasting a
Continuum of Environmental Threats (FACETs), a proposed nextgeneration severe weather forecasting concept (NSSL, 2015).
Using WRF is comparable to Warn-on-Forecast as WRF is a highresolution model showing specific supercell structures.
WRF uses real or idealized cases to show executable model. In
the April 16, 2011 figures, a real case was used.

